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Abstract
In order to evaluate the energy distribution (due to matter and fields including
gravitation) associated with a space-time model of Marder universe, we consider the
Einstein, Bergmann-Thomson and Landau-Lifshitz energy and momentum defini-
tions in the tele-parallel gravity and the energy-momentum distributions are found
to be zero. This results are the same as a previous works of Aygu¨n et al., they
investigated the same problem in general relativity by using the Einstein, Møller,
Bergmann-Thomson, Landau-Lifshitz (LL), Papapetrou, Qadir-Sharif and Wein-
berg’s definitions. These results supports the viewpoints of Banerjee-Sen, Xulu
and Aydog˙du-Saltı. Another point is that our study agree with previous works of
Cooperstock-Israelit, Rosen, Johri et al.. This paper indicates an important point
that these energy-momentum definitions agree with each other not only in general
relativity but also in tele-parallel gravity.
1 Introduction.
From the advent of the general theory of relativity, various methods have been proposed
to deduce the conservation laws that characterize the gravitational systems. Nevertheless,
recently this problem also argued in an alternative gravitation theory, namely tele-parallel
gravity. Energy and momentum of the universe play an important role as they provide
the first integrals of equations of motions, helping one to solve otherwise intractable
problems[1]. Furthermore, the energy content in a sphere of radius R in a given space-
time gives a taste of the effective gravitational mass that a test particle situated at the
same distance from the gravitating object experiences. A large number of researchers have
devoted considerable attention to the problem of finding the energy as well as momentum




was made by Einstein who proposed an expression for the energy-momentum distribution
of the gravitational field. There have many attempts to resolve the energy-momentum
problem[2, 3, 4, 5, 6, 7, 8, 9, 10]. There exists an opinion that the energy and momentum
definitions are not useful to get finite and meaningful results in a given geometry. These
complexes give the meaningful results when we transform the line-element into the quasi-
Cartesian coordinates. The energy and momentum complex of Møller gives the possibility
to make the calculations in any coordinate system [11]. Rosen [12] calculated the total
energy of a FRW metric and found it to be zero, using Einstein’s energy-momentum def-
initions. The total energy of the same universe is obtained by Johri et al. [13] with the
Landau-Lifshitz energy-momentum complex. They found that it is zero at all times. More-
over, they showed that the total energy enclosed within any finite volume of a spatially flat
FRW universe is vanishing. Banerjee and Sen [14] who considered Bianchi type-I space-
times, showed that the energy-momentum density is zero everywhere, with the energy-
momentum definition of Einstein. Virbhadra and his collaborators have considered many
space-time models and showed that several energy-momentum complexes give the same
and acceptable results for a given space-time model [15, 22]. Virbhadra[23], using the gen-
eral relativity versions of energy and momentum complexes of Einstein, Landau-Lifshitz,
Papapetrou and Weinberg’s for a general non-static spherically symmetric metric of the
Kerr-Schild class, showed that all of these energy-momentum formulations give the same
energy distribution as in Penrose energy-momentum complex. Albrow[24] and Tryon[25]
suggested that in our universe, all conserved quantities have to vanish. Tryon’s big bang
model predicted a homogenous, isotropic and closed universe including of matter and anti-
matter equally. They argue that any closed universe has zero energy. The subject of the
energy-momentum distributions of the closed universes was opened by an interesting work
of Cooperstock and Israelit[26]. They found the zero value energy for a closed homoge-
nous isotropic universe described by a Friedmann-Robertson-Walker(FRW) metric in the
context of general relativity. And in tele-parallel gravity, there have been some attempts
to show the tele-parallel gravitational energy-momentum definitions give the same results
as obtained by using the general relativistic ones [27, 30]. In his recent paper, Vargas [10]
using the Einstein and Landau-Lifshitz complexes, calculated the energy-momentum den-
sity of the Friedman-Robertson-Walker space-time and showed that the result is the same
as obtained in general relativity. Aygu¨n [31] et al. have investigated the same problem
in general relativity by using the Einstein, Møller, Bergmann-Thomson, Landau-Lifshitz
(LL), Papapetrou, Qadir-Sharif and Weinberg’s definitions and found same results.
The basic purpose of this paper is to obtain the total energy and momentum for Marder
universe by using the energy-momentum expressions of Einstein, Bergmann-Thomson,
Landau-Lifshitz in tele-parallel theory of gravity. We will proceed according to the fol-
lowing scheme. In the next Sec., we briefly present Marder space time and carry out
some necessary calculations for this model. In section 3 we give the Einstein, Bergmann-
Thomson and Landau-Lifshitz’s energy momentum complex in teleparallel gravity and
then compute the energy-momentum density. Finally, we summarize and discuss our
results. Throughout this paper, the Latin indices (i,j,...) represent the vector number
and the Greek (µ, ν...) represent the vector components; all indices run 0 to 3. We use
geometrized units where G = 1 and c = 1.
2 The Marder Space-Time
We consider the metric in the form [32]
ds2 = A2(dx2 − dt2) +B2dy2 + C2dz2. (1)
where, A,B,C are functions of t only. This ensures that the model is spatially homo-
geneous. The metric can be transformed to the Bianchi type-I form by the coordinate
transformation t→
∫
A(t)dt. The Bianchi cosmologies play an important role in the-
oretical cosmology and have been much studied since the 1960s. A Bianchi cosmology
represents a spatially homogeneous universe, since by definition the space-time admits
a three-parameter group of isometries whose orbits are spacelike hyper-surfaces. These
model can be used to analyze aspects of the physical Universe which pertain to or which
may be affected by anisotropy in the rate of expansion, for example, the cosmic mi-
crowave background radiation, nucleosynthesis in the early universe, and the question of
the isotropization of the universe itself [33]. Spatially homogeneous cosmologies also play
an important role in attempts to understand the structure and properties of the space of
all cosmological solutions of Einstein field equations.














and its inverse gµν


















The non-trivial tetrad field induces a tele-parallel structure on space-time which is







Using this relation, we obtain the tetrad components:

















and its inverse is













For the line-element which describes the Marder space-time, one can introduce the
tetrad basis
θ0 = Adt, θ1 = Adx, θ2 = Bdy, θ3 = Cdz. (7)
3 Energy Momentum in Tele-parallel Gravity
The tele-parallel gravity is an alternative approach to gravitation and corresponds to a
gauge theory for the translation group based on Weitzenbo¨ck geometry [34]. In the theory
of the tele-parallel gravity, gravitation is attributed to torsion [35], which plays the role of
a force [36], and the curvature tensor vanishes identically. The essential field is acted by
a nontrivial tetrad field, which gives rise to the metric as a by-product. The translational
gauge potentials appear as the nontrivial item of the tetrad field, so induces on space-
time a tele-parallel structure which is directly related to the presence of the gravitational
field. The interesting place of tele-parallel gravity is that, due to its gauge structure,
it can reveal a more appropriate approach to consider some specific problem. This is
the situation, for example, in the energy and momentum problem, which becomes more
transparent when considered from the tele-parallel point of view.
The Einstein, Bergmann-Thomson and Landau-Lifshitz’s energy-momentum complexes
















µβU νλβ ) (10)
where U νλβ is the Freud’s super-potential, which is given by:
U νλβ = hS
νλ
β . (11)
where h = det(ha µ) and S





(T νµλ − T λµν) +
m3
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with m1, m2 and m3 the three dimensionless coupling constants of tele-parallel gravity








, m3 = −1 (13)














The energy-momentum complexes of Einstein, Bergmann-Thomson and Landau-Lifshitz













Pµ is called the momentum four-vector, Pi give momentum components P1, P2, P3,
P4 and P0 gives the energy and the integration hyper-surface Σ is described by x
0 = t =
constant.



















where t indices describe the derivative with respect to t. The corresponding non-vanishing
torsion components are obtained as



















Using these results with Eq. (12), the non-vanishing components of the tensor Sµνλ
are obtained as
S110 = −S101 = − (BC)t
2A4BC
,
S220 = −S202 = − (AC)t
2A3B2C
,
S330 = −S303 = − (AB)t
2A3C2B
(21)
From Eq. (11), the required components of Freud’s super potential are calculated as


















Substituting Eq. (22) into Eqs. (8), (9) and (10), we get Einstein, Bergmann-Thomson
and Landau-Lifshitz energy-momentum densities in teleparallel grvity, respectively.
hEµν = hB
µν = hLµν = 0 (23)
From above results we get total energy-momentum distribution of Marder universe for
Einstein, Bergmann-Thomson and Landau-Lifshitz prescriptions, respectively.
PEµ = 0. (24)
PBµ = 0. (25)
PLµ = 0. (26)
4 Summary and Discussion
The subject of energy-momentum localization has generated great deal of interest in both
general relativity and teleparallel gravity, although it has been the focus of some de-
bate. In this paper, we used the Marder space-time and calculated the energy-momentum
density for this space-time model with the Bergmann-Thomson, Einstein and Landau-
Lifshitz energy-momentum definitions in tele-parallel gravity version and this results are
the same as a previous works of Aygu¨n et al., they investigated the same problem in gen-
eral relativity by using the Einstein, Møller, Bergmann-Thomson, Landau-Lifshitz (LL),
Papapetrou, Qadir-Sharif and Weinberg’s definitions. We found that these two gravi-
tational theories give the same result for the total energy and momentum in General
relativity and Tele-parallel:
EGR = ETP = 0, MGR = MTP = 0.
This paper demonstrates the important point that these energy momentum definitions
are identical not only in general relativity but also in teleparallel gravity. It is also inde-
pendent of the teleparallel dimensionless coupling constants, which means that it is valid
not only in the tele-parallel equivalent of general relativity, but also in any tele-parallel
model. When we apply coordinate transformation t→
∫
A(t)dt, we obtain Bianchi type
I universe defined by the line element;
ds2 = −dt2 + A2dx2 +B2dy2 + C2dz2.
And the metric given above reduces to some well-known space times in special cases.
A.) For A=B=C=R(t) and transforming the line element to t,x,y,z coordinates ac-
cording to
x = r sin(θ) cos(φ)
y = r sin(θ) sin(φ)
z = r cos(θ)
gives
ds2 = −dt2 +R(t)2[dr2 + r2(dθ2 + sin(θ)2dφ2)].
which describes well-known spatially flat Friedmann-Robertson-Walker (FRW) space-
time.
B.) For A = el(t), B = em(t) and C = en(t), then the line element describes the well-
known Bianchi-I type metric.
C.) For A = ta, B = tb and C = tc, (where a,b,c are constants ), then we obtain the
well-known Kasner-type model.
The results of energy momentum distributions of these metrics are same as our results,
EFRW =MFRW = 0, EBianchiI = MBianchiI , EKasner = Mkasner = 0.
The results advocate the importance of energy-momentum complexes. Finally, the
result that the total energy density is vanishing everywhere elucidates the importance of
the energy-momentum definitions. Our results are consistent with Rosen, Johri et al.,
Vargas, Saltı and Banerjee and Sen.
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